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DEFINITION OF TERMS 
The following terms were used to describe the performance of 
pneumatic tires (Richey~ al., 1961). 
Aspect ratio : 
The ratio between the tire height measured from the nominal rim 
diameter to the center of the tread surface with its width after inflated 
for 24 hours. A tire with an aspect rat io close to 1 . 0 may be referred 
to as "high molded" and a tire with an aspect ratio below 0 . 75 is 
recognized as "low profile". 
Coefficient of traction ( COT): 
The ratio of drawbar pull t o static rear wheel weight of the 
tractor. 
where 
COT = DP SRW 
COT coefficient of traction 
DP drawbar pull, lb 
SRW static rear wheel weight, lb. 
Dynamic traction ratio (DTR): 
The ratio of drawbar pull to dynamic rear wheel weight of the 
tractor. 
DP 
DTR = DRW 
DP = -..,.-- --......,... 
( SRW + WT) 
v 
where DTR dynamic traction ratio 
DP drawbar pull, lb 
DRW dynamic rear wheel weight, lb 
SRW static rear wheel weight, lb 
WT weight transfer, lb. 
Force efficiency (FE) : 
The ratio of the thrust developed by the traction wheel t o the 
input fo r ce. 
FE = (~p x R) 100% 
where FE = fo r ce efficiency, i. 
DP drawbar pull, lb 
T torque at the rear wheel, f t. lb 
R r olling r adius (i . e ., the tire r olling circumference 
at the specific zero conditions divided by 2~) , inches 
Rolling resistance (RR) : 
The force required t o provide the energy required t o deflect 
tires, t o compac t and displace soi l , and t o overcome wheel and axle-
bearing f ric tion. 
RR T DP = R 
where RR = r olling resistance, lb 
T t or que a t the rear wheel, ft . lb 
DP = drawbar pull, lb 
R rolling radius, inches. 
vi 
Theoretical field capacity (TFC): 
The rate of field coverage that would be obtained if the machine 
was performing its function 100 percent of the time at the rated 
forward speed and always covered 100 percent of its rated width. 
where 
TFC 
5,280(S x W) 
43,560 
(S x W) 
8 . 25 
TFC theoretical field capacity, acres per hour 
S = rated speed, miles per hour 
W =rated width, ft. 
Tire slippage or travel reductions (TS): 
The relative movement in the direction of travel at the mutual 
contact surface of the tire and the surface which support the tire. 
where 
It is calculated as : 
TS (D - DL) 100% D 
TS percent of tire slippage 
D = distance travelled under no load pe r one tire revolution 
DL distance travelled under load per one tire revolution 
Tractive efficiency (TE): 
The ratio of work output of the wheel thrust t o the work input of 
the axle. 
where 
TE 
vii 
TS 
FE (l - 100) 
TE tractive efficiency, % 
FE = force efficiency, % 
TS tire slippage, %. 
Weight transfer (WT) : 
The increase in weight on the tractor rear wheels due t o the 
application of external load at the drawbar. It is the difference 
between the dynamic rear wheel weight of the tractor when pulling an 
implement with the static rear wheel weight of the tractor alone. 
WT = ~ (V + (WB + H) tan 6) 
where WT weight transfer, lb 
DP drawbar pull, lb 
H, v = horizontal and vertical coordinates of point of 
application of implement force , inches 
WB = wheelbase, inches 
e = draft angle below horizontal. 
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INTRODUCTION 
The world's oil reserves are finite. Oil prices will rise as the 
resource is depleted and the cos t of was tef ul use of energy will 
materially reduce future profits. Alternative energy sources are 
lll1Certain, and appear likely t o be either expensive or t oo small a 
scale t o be of more than local interest. Unless some of the alternatives 
begin to look more promising , the world is heading for an energy crisis 
i n which our present day a ttitudes toward fuel will appear incredibly 
was te ful . The best way to delay t he crisis and t o give more time for 
the development o f alternatives t o oil-based f uels i s t o make energy 
saving part of farm poli cy (Wi lliams, 1980) . 
Since 1950, there has been a dramatic decline in t he total number 
of fa rms, number of workers and number of tractors on farms in the 
United St a tes. The average s ize of farm has been increasing. The 
increase in farm size and the decline in number of farm wor ke r s created 
a demand fo r larger farm machinery (Ful t on et al . , 1978) . Wi th larger 
machines and rising fuel prices , farmers became aware of the need to 
maximize farming profitability by improving the efficien cy of machine 
operations . 
The mos t obvious a r ea for possible fuel economies on the farm is 
in the operation of trac t ors and other self- propelled equipment . 
Resear chers have investigat ed methods of using tractor fuel mo re 
economically . Their work concentra t ed on improving tractor operations 
in t he field, such as by proper ballast and tire pressure, proper 
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matching of the tractor and its implements, using the principles of 
"gear-up and throttle-down", and employing reduced cultivation systems 
in decreasing the use of energy for seedbed preparation. 
Tire improvement research has played a major part in improving the 
field performance of trac t ors . Research results showed tha t abou t 20 
to 50 percent of the available tractor energy was wasted at the tire-soil 
interface. This energy is not on ly wasted, but wears the tires and 
compacts the soil t o a degree that later may be detrimental to crop 
production (Burt~ al., 1982). Subsequently, the design of tires to 
r educe energy loss and to transfer increased tractor horsepower from 
axle to soil has challenged the tire industry . Radial tractor tires 
were specifically developed to mee t the challenge . 
At present, there are still doubts about the superiority of radial 
tractor tires over the conventional bias tires . Farmers believe that 
the small performance improvements gained with radial tires do not 
justify the extra cost of the tires. In addition, they believe that 
the advantages of using radial tires are not as pronounced for tractors 
as for highway vehicles (Liljedahl et al ., 1979) . In view of such 
problems, an in- depth study on radial tractor tires was initiated. 
3 
OBJECTIVES 
The general objective of this study was t o analyze available 
comparative data concerning the field performance of radial tractor 
tires on different soil conditions and to evaluate the economics of 
operating the tires . 
Specific objectives of this study were: 
(1) To review and analyze the performance improvements of trac t or 
radial tires over the conventional bias tires. These performance 
parameters include tractive efficiency, drawbar pull, slippage, fuel 
consumption, field capacity, durability and operator ride comfort . 
(2) To derive t otal cost savings per hour in operating the 
tract or on radia l tires under a given set of economic conditions or 
assumptions . 
(3) To determine the effects of varying the economic conditions 
or assumptions on the t otal cost savings per hour in operating the 
tractor on radial tires . 
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LITERATURE REVIEW 
Structural Differences Between Radial and Bi as Tires 
Appendix A desc ribes some of the main components of t yp i cal tractor 
ti r es . 
There are three basic t ypes of tract or tire construct ion. Figure 1 
illustrates the r elative construction differences between tire t ypes . 
Bias tires basically contain a laminated cord structur e buried beneath 
the tread . Cords are arran ged in two or more plies , depending on the 
needed strength . Individual plies extend from bead to bead i n a 
diagonal direction and normally a t a crown angle of 40 degrees . The 
tire structural stiffness is obtained by al t ernating t he cord direction 
of e ach ply , pr oducin g a criss- cross cord matrix . 
The orient ation and dis tribut ion of the cords in radial tires are 
di ffe r ent from bias tires . These differences cause radial tires t o 
pe r form signi fican t ly differently from bias tires. The cords in the 
car cass of the radial tires are disposed in a radial direction giving 
a 90 degrees cr o'"'71l angle. Multi-layer belts with cor ds of high modulus 
of elasticity are added around the circumference of the tire dire ctly 
under the tread . The tire carcass would become unstable without the 
circumferential belts . The radial tire construc ti on resul ts in a 
flexible low modulus sidewall by vir tue of the r adial cords, and a t the 
same time maintains a very stiff and high modulus tread structure via 
the circumferential belts . The modulus structure of a bi as tire, 
however , is quite similar throughout the tread and carcass sidewal l 
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BIAS 
RADIAL 
belts 
BELTED-BIAS 
Figure 1 . Three diffe ren t tire constructions 
(John Deere, 1982) 
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(Forrest~ al . , 1962; Bohnert and Kenady, 1975; Frisby and Constein, 
1975; Blow and Hepburn, 1982). 
Some bias tires are also made with belts around the tire 
circumference . Usually , the cords in the belts are of materials with 
higher modulus of elasticity than those of the diagonal cords. This 
type of tire is generally known as a belted-bias tire and has 
characteristics midway between those of the bias and the radial tire 
(Wong, 1978) . 
Development of Radial Tractor Tires 
The first tractors to be equipped with pneumatic rubber tires 
were those used for industrial purposes around factories, airports, and 
for highway maintenance . Since satisfactory trac t ion was secured , 
damages due t o vibration were reduced (Jones and Aldred , 1980). 
Application of pneumatic tires for agricultural tractors in the United 
States started in 1932 (Wilson, 1952) . Prior to that, all agricultural 
tractors were heavy, slow moving machines with steel wheels equipped 
with lugs of 2 1/2 to 3 inches high . The ope r a ting speed was 2 to 
2 1/2 miles per hour, and about half of the power developed by the 
engine was expended in pr opelling the tracto r , leaving only 50 percent 
of the engine power for pulling the plow or other implement . The use 
of pneumatic tires permitted increasing trac t or speeds to 4 or 5 miles 
per hour, and saved as much as 25 percent on f uel (Shields , 1951). 
Since the development of pneumatic tractor tires, the basic carcass 
construction has been bias or diagonal ply cons truction . The 
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performance of these tires was improved by numerous design changes . A 
considerable number of these changes involved external changes to the 
tire such as tread width, tread curvature, lug height, lug spacing, lug 
shape, lug angle, rim width, aspect ratio and rubber compounds. As 
manufacturers designed higher horsepower tractors, the conventional 
design changes were no longer sufficient to achieve significant 
improvements in tractor tire performance . After investigating various 
alternatives, researchers and tire designers discovered that radial 
construction offered distinct performance advantages over bias 
construction without requiring any redesigning of the tractor (Bohnert 
and Kenady, 1975). 
Radial tractor tires were first introduced in 1957 by the Pirelli 
Company in Europe . Sarcinelli (1957) did a comprehensive ana l ysis of the 
performance of the tire; his work happened to be the earliest revealed 
in this literature search . In the United States, radial tires became 
commercially available in 1973 from the BF Goodrich Tire Company. 
Buckingham (1978) said that at the time radial tires were being 
introduced in the United States, almost 60 percent of the tractors in 
Europe were running on radial tires. Six s izes of r adial tires were 
manufactured by BF Goodrich . They were: 18 . 4 R34 (6 ply) , 18.4 R38 
(6 and 8 ply ) , 20.8 R34 (8 ply) and 20.8 R38 (8 and 10 ply) . A few 
months later, Firestone Company and the Goodyear Tire and Rubber 
Company announced the marketing of their own radial tractor tires. 
Firestone started with two sizes, 18.4 R38 and 20.8 R38 , and Goodyear 
opened with a single model, a 6 ply 18.4 R38. Other tire companies, 
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such as Taurus International , General Tire, and Armstrong Tire 
Corporation, began manufacturing of radial tractor tires at a later 
da te. As sales of radial tires increased, more sizes and ply ratings 
were made available, primarily in 18 . 4 R34 and larger sizes which are 
widely used on tractors with more than 100 horsepower, as well as on a 
number of combine harvesters . 
The acceptance of radial tires by American farmers was rather slow 
because of the higher purchase price and doubt about the tractive 
ability of the tires. A dramatic increase in the use of radial tractor 
tires, however, is expected in the near f uture because of the followin g 
three reasons: 
(1) Farmers are concerned about higher fuel costs and efficient 
field operations. 
(2) Several major tractor manufacturers are offering radial tires 
as original equipment. 
(3) Advertising and promotional campaigns from the tire 
manufacturers have promoted farmers ' awareness of radial tires . 
Radial Tractor Tire Research 
Preliminary tests on the performance of radial tires in the United 
States were conducted in 1958 by engineers of the John Deere Tractor 
Product Engineering Center . The tests compared the European brand 
Cinturato radial tires that were developed by the Pirelli Company of 
Milan, Italy , with the conventional American built bias tires. Tests 
on the same brand radial tires were also reported by researchers from 
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the National Tillage Machinery Laborat ory in Alabama (VandenBerg and 
Reed , 1962). Two commercial companies , Goodyear Tire and Rubber 
Company (Thaden , 1962) and United States Rubber (Forrest~ al . , 1962) , 
also tested and evaluated their specially made radial cord tires. 
Unfortunately, most of the evaluations done at that time were limited 
to drawbar pull and tractive efficiency tests and results did not show 
the overall advantages of radial tractor tires. 
The manufacturing of BF Goodrich radial tires in 1973 mar ked the 
beginning of the development of radia l tractor tire industries in the 
United States. Detailed performance reports on t he tire were s oon 
published by various organizations and individuals. Extensive radial 
tractor tire testing has been carried out by the National Tillage 
Machinery La borator y (NTML), the National I nstitute of Agric ultural 
En gineering (NIAE) , the Tire Research Institute of the Soviet Union 
and the University of Nebraska Trac t or Testing Laboratory (UNTTL). The 
NTML and NIAE, in particular, tested several s i zes of radi a l tractor 
tires to observe the traction di ff erences between them and conventional 
bias tires on a series of different soils . 
Major work on radial tire testing was undertaken by the tire 
manufac turers themselves . Four of the active manufacturers were t he 
Armstrong Tire , the Fir est one, the BF Goodrich and the Goodyear Tire 
Companies . These companies are still active with their research work 
in testing and improving their r adial tires. Mos t of their work, 
however, was reported i n their tire ca t alogs and in farm magazines for 
the purpose of increasing or promoting their r adial tire sales. 
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Radial tractor tire testing has not received much attention by the 
Agricultural Experiment Stations during the past years . The reasons 
are that tire tests are laborious, costly, and require special 
instrumentation systems for measuring all the various tractive parameters 
in the field. University of Tennessee (Tompkins et al. , 1981) , North 
Dakota State University (Hauck and Kucera, 1983) and Iowa State 
University (Buchele et al., 1983) have each conducted radial tractor 
tire tests . Results of the research work have been brought t o the 
attention of the farme r s through advertisements from t he tire companies 
and by the Cooperative Extension Service of the various universities. 
Performance Characteristics of Radial and Bias Tires 
The main function of a tractor is to provide adequate draft f or 
pulling various types of implements and trailers . In performing this 
fun ction , the tires play an important role. Besides developing 
traction, the tires must permit the tractor to develop the app r opriate 
speed in order to perform the required work in the shortest period of 
time and with the least consumption of fuel. 
The two most common criteria used f or comparing tire performance 
are tractive efficiency and drawbar pull. Nevertheless, other 
par ameters , such as fuel consumption, tractor field capacity , tire 
rolling resistance, and others, were also occasionally evaluated . These 
parameters were usually plotted against tire slippage or travel 
reduction. Comparisons were then made at specified val ues of tire 
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slippage or as average values in certain slippage range. The following 
sections analyze published and unpublished radial t ire test results 
that were collected during these research endeavors. 
Tractive efficiency 
Ever since the advent of pneumatic rubber tires, traction research 
and development has mainly been devoted t oward i mprovements in tractive 
efficiency. Research had shown that the shape of the ground contact 
area or foot print of a tractive device is i mportant. A footprint that 
is long and narrow compacts less s oil and t hus, reduces r olling 
resistance energy losses (Taylor, 1980) . A long and narrow footprint 
could be achieved by using tracks, tandem drive wheels, larger diameter 
tires or radial tires . Tracks, tandem drive wheels, or lar ge diameter 
wheels create prob lems with tractor maneuverability and speed. Most 
research workers believe tha t radial tires provide the avenue for 
improving the tractive efficiency of the tract or . 
The variations in soil types and conditions make it difficult to 
solve tractor traction problems. Figure 2 shows that tractive 
efficiency of over 90 percent was obtained on a con crete s urface, while 
50 percent was difficult t o obtain in sof t or sandy conditions. 
Besides that, the f irmer the gr ound, the better the tractive efficiency 
and pulling ability . On most soils, the highest tractive e ff iciency 
occurred in the 10 to 20 percent sli p range. Below 10 percent slip, 
the tractor pull / weight r atios were too low and above 20 pe r cent slip , 
the power losses and wear on the tire were t oo high. Consequently, the 
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Fi gure 2 . Average pe r fo rmanc e of bias tractor tire s on concr e t e 
and in di f f e r ent soi l con ditions ( Zoz , 1970) 
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10 t o 20 percent slip range is considered t o be the optimum operating 
range for the tractor i n agricultural fields (Zoz , 1970) . 
Seleznev and Kovalez (1968) showed that r adial tires were s uperior 
to the bias tires on all soil t ypes and tractor gear combinations . They 
reported tha t t ractors on radial tires showed an average of 13 percent 
increase in tractive efficiency , 6 percent increase in the coefficient 
of trac tion and 8 percent reduc tion in the f uel consumption over the 
similar tractor on bias tires. They concluded that the higher 
elasticity of radial tires gave better "ground- holding abili t y " and thus 
improved the performance of the tractor. 
Bohnert and Kenady (1975) presented in their report a comparative 
analysis of the BF Goodrich radial and bias tractor tires . They noted 
that the area of the tire footprint of the 18 . 4 R34 Powersaver radial 
tire was 22 percent greater than that of the 18 . 4- 34 Silvertown Power 
Grip bias tire . I n t he slip range of 0 t o 30 per cent, they found that 
the radial tire yielded 12 percent and 4 . 1 percent tractive efficiency 
improvements on tilled and sod soils , r espectively . Over the same 
slip r ange , the ave r age tractive efficiency of the same radial t ire 
was 6.7 per cent grea t er on tilled soil and 7 . 7 percent grea ter on sod 
soil when compared with the other five commercial bias tires of 
similar size . 
Charles (198 3) s tudied the effects of i nfla tion pres s ure and 
ballast on radial tire traction performance . Results of his tests 
indicated that there was an increase in tractive efficiency and drawbar 
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pull with increasing static ballasting and decreasing tire inflation 
pressure. He reported that at constant inflation pressure, a change 
in static ballast of 607 lbs per tire changed the tractive e ff i ciency 
by 2 percent and the drawbar pull by 562 to 787 lbs . Similarly, at 
constant static ballast, a change of about 4 psi in the tire infla tion 
pressure changed the tractive eff iciency by 1 . 5 t o 2 percent and the 
drawbar pull by 337 l bs. 
Hauck and Hoffman of North Dakota State Uni versity con cluded tha t 
there were not any real advantages for the r adial tires in light 
working conditions, such as mowing, raking or spraying, where traction 
was not really the limiting factor. In tilling operations, tract ors 
on radial tires travelled faster than the similar tractors on the 
conventional bias tires. They also concluded that t here was 
insignif icant diffe rence in t he tractive effi ciency on f irm soil of a 
Two Wheel Drive tractor (2WD) with radials and a Mechanical Front 
Wheel Drive (MFWD) with the same size bias tires (Lane, 1980) . 
Extensive tests by the J ohn Deere Company, published by Hoffman 
( 1983), showed that the 2WD tractor on single radials gave 6 to 10 
percent improvements in tractive efficiency on tilled ground and 9 t o 
10 percent improvements on untilled gr ound over single bias tires. The 
MFWD tractor on single rad i al tires had much lower tractive efficiency 
improvement; 2 t o 5 percent on tilled ground and 2 t o 7 percent on 
untilled gr ound . Bette r tractive effic iencies with radial t i res were 
principally due to the tire construction . The long and narrow footpr int 
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of the radial tire reduced rolling resistance and gave more lugs in 
contact with the soil. 
Drawbar pull 
The amount of pull any tire can develop is the next important 
parameter than needs to be considered after tractive efficiency. This 
is because a tire with a high tractive efficiency might lack in pulling 
ability. Several terms have been used to express the pulling 
performance of a tractor. Researchers commonly refer to dynamic 
traction ratio and the coefficient of traction in describing pull. Both 
terms indicate the amount of pull a tractor develops for each pound of 
weight (either static or dynamic) on the driving wheels . 
Worthington (1962) from the John Deere Tractor Product Engineering 
Center compared the drawbar pull of 11-38 Italian Cintura radial tires 
against the American bias tires. He reported that the imported radial 
tires consistently produced higher dynamic traction ratios than the 
bias tires on alfalfa sod and hard dirt tracks a t slippage below 15 
percent . On concrete, the radial tires produced higher dynamic 
traction ratios throughout the tested slip range . This preliminary 
work focused the attention of other researchers on the problems of 
evaluating the performance advantages of radial tires. 
Using the test facilities at the NTML a t Al abama, Forrest e t al. 
(1962) ran tests to compare the performances of radial and bias tires. 
The tests were conduct ed on five different soil conditions and each 
test was repeated at 12 , 14 and 16 psi tire inflation pressure . Results 
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of the tests at all three levels of inflation pressure were substantially 
the same . These results, presented in Figure 3, showed that in the 
normal slip range, the radial tires had an average drawbar pull 
superiority of 8 percent on sand, 23 percent on loam, 21 percent on 
clay and as high as 33 percent on concrete. It is interesting t o note 
from the graph, on sand for example, that radial tires developed as much 
drawbar pull at 16 percent slip as the bias tires developed at 25 
percent slip . Figure 4 shows the effect of flatter tread profile and 
the circumferential belts in bias tires. This determination indicated 
that the belted construction and flatter tread had a strong stabilizing 
effect on the tread lugs which accounted for the drawbar pull 
improvements of the tire. 
The tests conducted by Thaden (1962) were also in general agreement 
with the findings of other researchers . Thaden reported that radial 
tires developed up to 29 percent more drawbar pull at 16 percent slip 
than the bias tires in certain soil conditions. These advantages, 
however , tend t o drop off at higher slip values (i.e. , on softer soils). 
Thaden also noted that a radial tire had up to 20 percent lower 
rolling resistance on hard surfaces than an equivalent size bias tire . 
VandenBerg and Reed (1962) compared the drawbar pull performance 
of radial and bias tires on conc rete and on four soils with textures 
ranging f r om sand to clay . They concluded that radial-ply 
construction did not affect maximum coefficient of traction, but did 
improve the coefficient of traction in the 0 to 30 percent slip range . 
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A report from the National Swedish Testing Institute fo r 
Agr icultural Machinery (1963) claimed gr eater pull a t any given slip for 
the radials i n all conditions tested except in a very cohesive clay 
soil . The Institute also reported lower r olling resistance and f uel 
consumption for the radial tires . 
Researchers at the UNTTL, Nebraska , conduc ted an extensive traction 
test t o determine radial-bias tire compar a tive performance (Mumgaar d 
and Rudakov , 1975) . In their drawbar pull tests a t 15 percent slip, 
radials showed i mprovements of 3 . 0 per cent on cultivated soil, 15 . 7 
percent on firm soil , 18 . 7 percent on brome grass sod and 15 . 8 percent 
on a conc rete track. Similarly t o earlier reported work, radial tires 
showed the greatest advantage on firm and heavy sod soils where tires 
deformed appreciably unde r load. The drawbar horsepower developed at 
various tractor power levels and engine speeds, as shown in Tab l e 1 , 
however, i ndicated tha t the greater improvement s for the radial tires 
were on cultivated s oils rather on the con crete test track . The 
reason for this was that the tractor t es t ed on the con crete track under 
the various power levels and engine speeds was being operated in the 
maximum dr awbar ho r sepower range . 
Bohnert and Kenady (1975) revealed tha t in the 0 to 30 percent slip 
range , the r adia l tires developed 17 . 6 percent more dr awba r pull on a 
tilled soil and delivered 14 . 5 percent more drawbar pull on a sodded 
condition than the same size bias tires . When comp ared with the other 
five cormnercially equivalent bias tires , they claimed that the radial 
tires produced an average of 14 . 6 percent more drawbar pull on tilled 
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Table 1 . Drawbar horsepower under different levels of opera tion 
(Mumgaard and Rud.akov , 1975) 
Tractor power level Tire constructions Improvements for 
Bias Radial radial tires 
Max. available powera 58.00 61.58 6. 2% 
76 . 97 79. 76 3 . 6% 
7 5% of pull a t 60 . 12 62 . 74 4 . 4% 
max. powe r a 68.04 70 . 21 3.2% 
50% of pull at 41. 71 44 .87 7 . 6% 
max . powera 50.62 51.28 1. 3% 
50% of pull at 42 . 19 44 . 38 5 . 2% 
power with reduced 49 . 06 50 . 98 3 . 9% 
engine speeda 
~he first row of figures is fo r cultivated soil; the second row is 
fo r a con crete test track . 
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soil and 18 . 8 percent more drawbar pull on sodded soil within the same 
slip range. 
Taylor et al. (1976) reported that the coefficient of traction for 
radial tires exceeded that for bias tires by 6 to 18 percent at 15 percent 
slip in five of the seven soil conditions tested. On the soft soil, 
however, there were no significant advantages for the radial tires. 
Gee- Clough ~ al. ( 1977) compared the drawbar pull performance 
of two radial tires and one bias tire in a wide variety of field 
conditions over a three-year period . They found that at 20 percent 
slip, the coefficient of traction with radial tires averaged 5 to 8 
percent higher than bias tires. The coefficients of traction with radial 
and bias tires were, however, similar when both tires were inflated to 
the maximum permissible pressure. They concluded that radial tires 
should be operated at the lowest possible inflation pressure for the 
best drawbar pull performance. 
A study by Dwyer (1975) indicated that there was a significant 
improvement in the coefficient of traction with radial tires under most 
soil conditions. He also concluded that improvements in coefficients 
of traction for bias tires increased as the soil became firmer. The 
large area of radial tire footprint reduced tire sinkage and decreased 
the energy expended in displacing the soil. At high rolling resistance 
(i . e . , deeper tire sinkage), most of the available engine power 
transmitted to the tire was spent in propelling the tractor itself, 
with little left over to provide drawbar pull. 
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Clark (1971) reported that the rolling resistance of radial and 
bias tires operating on highways i ncreased wi th increasing speed. 
He said this relation was due t o the vibrations in the tire carcass 
and the increased work in deforming the lug . He also found that radial 
tires had lower rolling resistance than bias tires. 
Recent tire testing by the Armstrong Rubber Company proved that 
their latest generation of radial drive tires could deliver 28 percent 
more drawbar pull than their bias tires at speeds of 4 , 6 and 7 . 5 miles 
per hour (Re ichenberger and Guebert, 1983). 
Fuel and time savings 
Test data compiled f r om private and university resea r ch indicated 
that operating tractors on radial tires significantly saves fuel and 
field t ime . Under identical engine rpm, gear r atio , t ire inflation 
pressure and drawbar loading conditions, the radial tires slipped less 
than bias tires . Lower tire slippage increases trac t or speed, and 
reduces both fuel consumption and field time. Similarly, i t means more 
productivity, since fo r the same f ue l consumed and time worked, more 
acreage can be worked with the trac t or . Reduction in ti re slippage 
and field time cuts wea r on tires, tractor engine transmission, 
clut ch and final drive. Moreover , field labor costs are reduced and 
farmers are able t o plant cr ops closer to optimum planting dates fo r 
greater yield. Reduction of wear on the power train lowers the chances 
of downtime and repair, and can also i n crease tractor resale value 
(Ravetta, 1981). 
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Taylor (1980) estimated about 3.75 billion gallons of fuel energy 
was lost annually through the rubber tires of agricultural tract ors. 
He indicated that each 1 percent increase in tractive efficiency saved 
about 76 to 80 million gallons of fuel in the United States. Such 
savings would significantly lower production cost and also contribute 
to the national fuel conservation effort. 
Seleznev and Kovalez (1968) reported that a tractor on radial 
tires under plowing operation showed 10.8 percent higher field capacity 
and 10 . 7 percent higher speed than a similar trac t or on bias tires. 
The fuel consumption and slippage of the tractor equipped with radial 
tires were lowered by 13 percent and 7 percent, respectively . 
Comparative results from an on- site field test ronducted in a 
farm in Arkansas between BF Goodrich Powersaver radial tires and 
conventional bias tires are presented in Table 2. An IH 1206 tractor 
at full throttle was used t o pull a 9 ft . offset disk plow. Size of the 
tires was 18.4-38 and inflation pressure was at 14 psi. The tractor 
equipped with radial tires covered more acres per hour and with less 
gallons of f uel per acre than bias tires on both field conditions. An 
average improvement of 12 . 3 percent in the field capacity and 12.8 
percent in the fuel consumption were obtained with radial tires . The 
fuel consumption improvement with radial tires was significantly 
higher on l oosely tilled gumbo soil than in compacted gumbo soil (BF 
Goodrich, 1975) . 
Table 3 shows the results obtained from comparisons of BF Goodrich 
Powersaver radial tires with Silvertown Power grip bias tires on tilled 
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Table 2. Bias and radial tire performances (BF Goodrich , 1975) 
Determinat ions Tire constructions Improvements for 
Bias Radial radial tires 
Fuel consumption 
(gal / acre) a 
Field capacity 
(acres/hr) a 
1.38 
1.11 
1. 38 
4 . 58 
1.15 16 . 7% 
1.01 9 . 0% 
4.47 12. 3% 
5 .14 12.2% 
Ci.rhe first r ow of f igures is for loosely tilled gumbo soil; the 
second r ow is fo r compacted gumbo soil . 
Table 3 . Bias and radial tire performances (Bohnert and Kenady , 1975) 
Determinations 
Slippage (%)a 
Fuel consumption 
(gal/acre) a 
Field capacity 
(acres /hr ) a 
Tire 
Bias 
13.0 
0 . 9 
6 . 21 
constructions Improvements fo r 
Radial radial tires 
9.0 30 . 8% 
0.75 16 . 7% 
7 . 23 16 . 4% 
Ci.rhe figures a re for tilled heavy mixed gumbo and clay soil. 
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heavy mixed gumbo and clay soil . Size of the tires was 18.4- 34 and 
inflation pressure was at 14 psi. An IHC 856 tractor at full throttle 
was used t o pull a 14 ft . tandem disk harrow. During the harrowing 
operation, the tractor with radial tires slipped 30 percent less than 
with bias tires. As a result, 16.4 percent more ground was covered and 
16. 7 percent less fuel was consumed with the tractor on radial tires 
(Bohnert and Kenady, 1975) . 
Table 4 shows the results from the comparison tests conducted by 
Bohnert (1983) on BF Goodrich Power saver radial tires and Silvertown 
Power Grip bias tires on two different field conditions. Size of the 
tires was 18.4- 34 and inflation pressure was a t 16 psi. On tilled 
gumbo clay soil, the tractor on radial tires showed 9 percent higher 
drawbar horsepower than on bias tires. Such increase in drawbar 
horsepower resulted from the 8 . 8 percent increase in ground speed 
gained from the 32.8 percent reduction tire slip. Fuel consumption 
of the tractor on radial tires averaged 9.1 percent less than bias 
tires on similar soil conditions . On bean stubble soil, the tractor 
on radial tires had 45 . 7 percent less slippage, 11 . 7 percent less fuel 
consumption and 11 . 3 percent greater field capacity . 
Table 5 shows results from field tests conducted at North Dakota 
State University in comparing radial and bias tires of similar brand 
and size. Size of the tires was 18 . 4-38 and inflation pressure was at 
14 psi. A 112 PTO hp trac tor at full throttle was used to pull an 
18 f t. cul t ivator. On loose clay soil, radial tires had 29 . 5 percent 
less slippage, 6.5 percent less fuel consumption and 6 . 3 percent greater 
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Table 4 . Bias and radial tire performances (Bohnert, 1983) 
Determinations 
Tilled gumbo clay soil 
Average speed (mph) 
Slippage (%) 
Drawbar hp 
Fuel consumption 
(gal/hp. hr) 
Bean stubble soil 
Slippage (%) 
Fuel consumption 
(gal/acre) 
Field capacity 
(acres/hr) 
Tire constructions 
Bias Radial 
3.4 3 . 7 
17.7 11.9 
32.4 35.3 
0.1567 0.1425 
15 .1 8.2 
0 . 6 0 . 53 
13 . 3 14.8 
Improvements for 
radial tires 
8.8% 
32.8% 
9 . 0% 
9 . 1% 
45 . 7% 
11. 7% 
11.3% 
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Table 5 . Bias and radial tire performances (Hauck and Kucera , 1983) 
Determinations 
Loose Fargo clay soil 
Slippage (%) 
Fuel consumption 
(gal /acre) 
Field capacity 
(acres / hr) 
Firm Fargo clay soil 
Slippage ( %) 
Fuel consumption 
(gal/acre) 
Field capacity 
(acres / hr) 
Tire construc tions 
Bias Radial 
14.6 10.3 
0.62 0 .58 
9 .0 9.57 
11.4 9.2 
0 . 62 0.57 
9.47 9 . 67 
Improvements for 
radial tires 
29 . 5% 
6 .5% 
6.3% 
19.3% 
8 .1% 
2 . 1% 
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field capacity than bias tires. Similar tests on firm clay soil of 
radial tires resulted in 19 . 3 percent reduction in slippage, 8 .1 
percent reduction in fuel consumption and only 2.1 percent increase in 
field capacity (Hauck and Kucera, 1983) . 
Table 6 summarizes the data gathered from the tire tests conducted 
at the University of Nebraska Tractor Testing Laboratory. Size of 
the tires was 18 . 4- 38 and inflation pressure was at 28 psi . Under 
various power levels and engine speeds, radial tires showed lower fuel 
consumption and slippage than bias tires. The slippage improvements 
with radial tires over bias tires were significantly higher on the 
concrete test track than on cultivated soil. The fuel consumption 
improvements of radial tires over bias tires, however, were generally 
higher on cultivated soil than on the concrete test track (Mumgaard and 
Rudakov, 1975). 
Hauck and Hoffman (Lane, 1980) compared the performance of a 
series of radial and bias tires during farmers' meetings in North 
Dakota . They used tractors of similar horsepower, weight and drawbar 
loadin 2 in the tests. They reported the average fuel consumption for 
tractors on radial tires was 7 . 3 percent lower than for tractors on 
bias t ires . Moreover, the average wheel slippage was reduced from 
13 percent with bias tires to 9.8 percent with radial tires (i . e. , 
a reduction of 25 percent). 
Hausz and Akins (1980) reported that a tractor on 20 .8 R38 
Firestone Radial 23 tires showed 6 percent fuel consumption improvements 
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Table 6 . Bias and radial tire performances (~mgaard and Rudakov, 1975) 
Tractor power levels 
Slippage (%) 
a Max. available power 
75% of pull at max . 
powera 
50% of pull a t max. 
powera 
50% of pull at max . 
power with reduced 
engine speeda 
Fuel consumption (lb / hp . hr) 
a Max . available power 
75% of pull at max . 
powera 
50% of pull at max . 
power a 
50% of pull at max. 
power with reduced 
engine speeda 
Tire construc tions 
Bias Radial 
16.16 
7. 96 
9 . 56 
6 . 20 
5 . 74 
4 . 42 
6.04 
4 . 36 
0 . 903 
0.680 
0.825 
0.689 
0 . 965 
o. 768 
0 . 785 
0 . 599 
13.75 
3.59 
7 . 73 
2 . 77 
4 . 26 
1.80 
3.94 
1. 76 
0.857 
0 . 657 
0 . 807 
0 . 669 
0 . 922 
0 . 758 
0 .7 46 
0.593 
Improvements for 
r adial tires 
14.9% 
54.0% 
19 .1% 
55.3% 
25.8% 
59. 3% 
34 . 8% 
59.5% 
5 . 1% 
3.4% 
2.2% 
2.9% 
4 . 5% 
1. 3% 
5 . 0% 
1.0% 
~he first row of f i gures is for cultivated soil; the second row is 
for a concrete test track. 
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and 5 percent field time savings on sod soil over the Firestone All 
Traction Field & Road Bias tires of equivalent size . On loose soil, 
the same radial tires showed 10 percent fuel consumption improvements 
and 7 percent field time savings. 
Tompkins et al . (1981) from the University of Tennessee ran an 
extensive tractive performance study on two selected radial-ply tires 
and a bias tire. Size of the tires was 18.4-38 and i nflation pressure 
was at 20 psi. The tractor was operated on loose clay loam soil with 
drawbar loading to produce wheel slips in the 0 to 20 percent range. 
Average slip associated with radial tires was reported lower than 
bias tires for any level of drawbar loading . The magnitude of the slip 
differences tends t o increase with increasing drawbar loading. Fuel 
consumption was lower with radial tires, especially at high drawbar 
loading. They also found that the field capacity improvements with 
radial tires were greater at high drawbar loading where radials slipped 
less than bias tires. 
Buchele et al. (1983) ran an extensive test in comparing the 
performance differences between radial and bias tires on tilled loose 
clay loam soil . Four sets of tires ( t hree radial and one bias 
construction) were tested a t three different field speeds and varying 
drawbar loads . Size of the tires was 18 . 4- 38 and inflation pressure 
was at 20 psi . The tractor fuel consumption per acre and slippage with 
all four tires decreased with increasing field speed. They also reported 
lower slippage and fuel consumption with tractor on radial tires than 
bias tires at any levels of drawbar load and tractor speed . The field 
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capacity of the tractor on radials was higher under all drawbar loads 
and speeds. Pronounced performance improvements of radial tires were 
found at higher tractor drawbar loads. Furthermore, they found that the 
torque developed at the wheel axle of the tractor on bias tires was 
lower than with radial tires. The low torque together with the high 
tire rolling resis tance were the reasons for the low traction and 
tractive efficiency with tractor equipped with bias tires. 
Durability 
The ability of tires to withstand abrasive wear depends on the tire 
construction, the surface conditions, and the operating condi tions of 
the tractor . Generally, tire tread wear is a good prediction of life 
of a tire. Tire failures, however, such as radial cracks, punctures 
and blowouts, and valve damage due to improper care, operations and 
maintenance also determine tire life. 
Developments in tire technology over recent years have resulted 
in a drastic change in the tire carcass cords. The tendency has been 
to produce tires which, with ideal maintenance and careful use, last 
longer . Nylon, polyester and rayon are three of the basic materials 
used as carcass cords in ag r icultural tires. Each of the materials has 
its individual characteristics when used in the carcass of the tires. 
Tire bodies of nylon are durable and good in absorbing shock. Nylon, 
however, requires specialized handling in the tire making process . 
Polyester, the second strongest material, is more stable than nylon. 
However, it cannot match nylon ' s elongation and strength characteristics. 
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Rayon, a wood by-product , is now less popular than t he other two 
materials . The main disadvantage with rayon is that it rots when 
exposed to moisture. It is used only because of its low elongation 
properties which facilitate the tire manufacturing process (Reichenberger 
and Guebert, 1983). 
Despite the improved tractive performance with radial tires, most 
earlier literature reported that the flexible sidewalls of these tires 
were susceptible t o severe and irreparable damage . An in- depth study 
was conducted by Wann (1962) on fatigue failure of radial and bias 
tires by running them on rotating drums . Test results indicated 
pronounced susceptib ility of radial tires to sidewall cracking after 
40 to 60 percent of the hours required to fail the bias tires . Similar 
observations were also reported with radial tires of heavier sidewall 
construction . Wann stated that the presence of the criss- crossing 
effect of the cords in bias tires gave additional sidewall support 
which reduced the formation of sidecracks. He added that there was no 
such additional support in radial tires and the resistance t o 
formation of cracks was solely dependent on the rubber adhesion between 
the cords. 
Bohnert and Kenady (1975) said tha t both sidewall cracking and 
bead abrasion were on ly experienced in the earlier design of r adial 
tires due t o improper compounding, construction and molding practices . 
They said that specific redesign work had eliminated such failures in 
the new radial designs. They revealed that some degree of carcass 
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distortion could occur in the sidewalls of bias tires when subjected 
to high drawbar load. Under high drawbar load , the diagonal cords in 
bias tires were in continuous tension or compression which finally 
resulted in carcass buckling . There is a lower chance for carcass 
buckling in radial tires since the lower modulus carcass allows the 
tire to behave like a torsional spring . This causes the radial cords 
in radial tires to remain in tension. 
Longer tread life is another inherent feature of r adial tires . 
Reduced field slippage lowers tread wear and increases the service life 
of radial tires . McKibben and Davidson ( 1939 ) estimated the average 
service life of bias tires in Iowa to be seven years . Radial trac t or 
tires had not been introduced at that time. Farmers reported an 
increase of 30 percent service life with radials over bias tires (White, 
1982). Tire manufacturers also claimed greater service life with 
radial tires. Taurus Tire Company stated 30 to 40 percent service life 
impr ovements with the Energysaver radial tires over most bias tires. 
They said that radial and bias tires had average service lives of 6000 
t o 7000 hours and 4000 t o 5000 hours , respectively (Taurus International 
Incorporated , 1980) . BF Goodrich Tire Company advertised 25 percent 
service life improvements with the Powersaver radial tires (BF 
Goodrich , 1981) . 
A pioneer experimental study on roadwear of radial tractor tires 
was carried out by Wann (1962). He reported a lower tread wear r a te 
with radial tires than with bias tires . The tread wear on radial tires 
was fo und t o be more uniform and with less bar scrub at the center . 
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Seleznev and Kovalez (1968) conducted laboratory tests to determine 
the service lives of radial and bias tires. Tires were loaded to 
3618 lbs and were inflated at 11 . 8 psi. They reported an average 
increase of 31 percent service life with radials over bias tires . 
Extensive field tests in various soil conditions and farm operations 
were also carried out to compare the service life and tread abrasion 
resistance of both tire types. Test results showed tread wear rates 
of 0.19 inch per 1000 hour and 0 . 32 inch per 1000 hour with the radial 
and bias tires, respectively. On the basis of these wear rates, the 
service life of radial tires was listed as 7300 hours and the bias tires 
was 4500 hours. 
Wormley (1973) reported that almost 50 percent of the tread 
remained on radial tires and 15 to 20 percent on bias tires after 2742 
hours of heavy tillage work on a farm in Arkansas . 
Wong (1978) described the scru~bing motion between the tread and 
ground surface with bias tires as the main cause of wear and high rolling 
resistance. He stated that the scrub was caused by the flexing and 
the rubbing action of the diagonal cords. The cords in radial tires 
simply bent under deformation. The tread did not scrub, but was 
laid down as a track . 
Cegnar and Fausti (1961) studied the tread movements under the 
contact area of tractor tires. They concluded that slippage under the 
contact area of radial tires was lower and much more uniform than in 
bias tires. Their findings explained why radial tires had lower wear 
rates and uniform tread wear. 
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Operator ride comfort 
Ride comfort problems mainly arise from vibrations of the vehicle. 
These vibrations are induced by a variety of sources. For tractors, 
the ride comfort problem is much more severe than for othe r ground 
vehicles because of the lack of shock absorbers . Tires play an 
important role in cushioning the operator ride by maintaining continuous 
surface contact over the irregularities in the field. Reichenberger and 
Guebert (1983) stated that the ride comfort would continue to be 
dictated by tires until shock absorbers were installed on agr icultural 
tractors. 
French (1959) said that the extent to which the tires cushioned 
the ride was determined by the tire stiffness. Tires with l ower 
stiffness or with a flexible carcass provide greater sidewall flexing. 
Subjective judgments of a smoother ride with radial tires have some 
basis since the tires deflect more than bias tires under the same 
inflation pressure and loading conditions . French also concluded 
that tires with greater area of footprint absorbed engine vibrations 
better. 
Seleznev and Kovalez (19 68) studied the deformation of radial and 
bias tires under varying tire loads . They found that under the 2206 
to 4853 lbs load range, radial tires deformed 13 t o 24 percent more than 
bias tires. They also found that radial tires showed 16.6 to 19 percent 
reduction in the vertical stiffness (i . e ., the ratio between the imposed 
load and the measured deformation) over bias tires within the 14.4 t o 
20 psi inflation pressure range . 
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Bohnert and Kenady ( 1975) reported a noticeable i mprovement in 
trac tor ride on firm and rough surfaces as a result of changing from 
bias to radial tires. Lower excitation inputs were reported at the 
axle housing and steering wheels of tractors on radial tires . They 
said that the reduction in tire stiffness in the three orthogonal 
directions (vertical, lateral and longitudinal) accounted for the 
observed difference. In one of the tests, the radial tires showed 
8 . 5 to 10 pe r cent reduction in vertical stiffness over bias tires 
within the 16 t o 26 psi inflation pressure range. They concluded that, 
with the reduction in vertica l s tiffness, radial tires would develop 
l ower excitational force than bias tires when the tires encountered 
the same size obstacle. 
Abeels (1982) found 40 pe r cent reduction in t he lateral stiffn ess 
and 21 percent reduction in the longitudinal stiffness of radial tires 
over bias tires. He concluded that the orient ation of the carcass cord 
had a greater effect on tire s t iffness in the lateral direction than in 
l on gi tudinal direction. 
Performance Differences Between Single Radial 
and Dual Bias Drive Tires 
Traditionally , the continui ng increase in tractor power and weight 
induced fa rmers t o add dual or even triple wheels t o their tractors. 
Reduced soil compact i on, improved tractor stability, greater f l oat a tion 
or load carr ying capacity , and smoother ride were some of the r eported 
advantage s of operat i ng trac t ors on dual tires (Long , 1978) . 
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Brixius and Wismer (1978) conducted a series of tests t o compare 
the traction performance of single radial, single bias and dual bias 
tires on tilled silty clay loam soil . Size of tires was 18 . 4- 38 and 
inflation pressure was at 16 psi. From the drawbar pull test, they 
found that single radial tires developed the highest drawbar pull, 
followed by dual bias and single bias tires throughout the 0 t o 70 
percent slip range . At 20 percent slip, single radial tires showed 
26 . 3 percent and 14. 3 percent highe r drawbar pull over t he single bias 
and dual bias tires, respe c tively . In the tractive efficiency analys i s, 
single radial tires developed the highest efficiency, followed by 
single bias and dual bias tires. At 20 percent slip, single radial 
tires showed 8.3 percent and 16.7 percent greater tractive efficiency 
than the single bias and dual bias tires, respectively . They concluded 
that dual tires had a considerably higher motion resistance than single 
tires due t o their grea ter tire section width. 
Jurek and Newendorp (1983) ran field tests to determine the fue l 
consumption improvements of Two Wheel Drive (2WD) and Mechanical 
Front Wheel Drive (MFWD) tractors on s ingle and dual tires . Both radial 
and bias tires of size 20 . 8- 38 were used in the study . Table 7 summarizes 
the result s gathered from their tests. The over all results indicate 
that radial tires show higher fuel consumption improvements over bias 
tires on untilled soil than on tilled soil. Radial tires also showed 
higher fuel consumption improvements over the bias tires with the 2WD 
than the MFWD tractors . The 2WD tractor on single radial tires consumed 
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Table 7 . Average fuel consumpt ions (gal/ acres) f r om tractors with 
di ffe r en t tires and drive options (Jurek and Newendorp, 1983) 
Drive options Tir e cons t ructions Impr ovements for 
Bias Radial radial tires 
Tilled soil 
2WD singles 0 . 7541 0.6989 7.3% 
2WD duals 0. 7344 0 . 6894 6 . 1% 
MWD singles 0.6692 0 .6477 3.2% 
MFWD duals 0 . 6773 0.6621 2 . 2% 
Untilled soil 
2WD singles 0 . 6384 0 . 5837 8 . 6% 
2WD duals 0.6073 0 .5683 6 . 4% 
MWD singles 0 . 5882 0 . 5623 4 . 4% 
MFWD duals 0.5831 0.5547 4 .9% 
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4 . 8 percent less fuel (i .e . , a reduction from 0 . 7344 t o 0.6989 gal . 
per acre) on tilled soil and 3 . 9 percent less fuel (i .e., a reduction 
from 0 . 6073 to 0 .5837 gal . per acre) on untilled soil than when using 
dual bias tires . On the other hand , the MFWD tractor on single radial 
tires consumed 4 . 4 percent less fuel (i.e., a reduction f r om 0 . 6773 to 
0.6477 gal. per acre) on tilled soil and 3.5 percent less f uel (i .e., 
a reduction from 0.5831 to 0.5623 gal. per acre) on untilled soil than 
when operating on dual bias tires. 
Figure 5 shows the results from a study by Hoffman (1982b) on the 
fuel consumption with various traction options. The calculated 
improvements with each traction option were compared with the 2WD 
"control" tractor on single bias tires . On tilled soil, the 4WD tractor 
on single radials showed the greatest fuel consumption improvement 
among all the others traction options. On sod covered soil, the 
greatest fuel consumption improve~ent was with the MFWD tractor on 
single radial tires . In a tire price survey, Hoffman reported that a 
new set of 20.8- 38 bias dual tires cos t about $1 ,000 more than a set of 
20 . 8-38 single radial tires, while a set of single 20 . 8- 38 radial tires 
cost only $400 more than a set of bias tires of equivalent size . 
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TILLED SOIL 
2WD single rad. I 11.s 
2WD dual bias I 13.4 
2WD dual rad . ] 13.7 
"M~ul b ias 2 .3 
MFWD rad. I s .3 
4WD b ias I 11.9 
4WD rod . I 19 .1 
SOD SOIL 
2WD sing le rod . I 7.1 
2WD dual bias I a . 2 
2WO dual rad . l 9.1 
MFWD bias I s . 9 
MFWD rod . I 16.7 
4WD bias I a .J 
4WD rad . I a .9 
Figure 5 . Percentage fuel con sumption improvements with 
different t r action options as compared to a 2WD 
"control" t ractor with single bias tires 
(Hoffman, 1982b) 
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METHOD OF ANALYSIS 
Earlier analysis on the tire performance data indicated that the 
tractor on radial construction tires significantly increased the 
tractor field capacity and fuel economy. Due to the high initial cost 
of radial tires over the equivalent size bias tires, the choice between 
the types of tires as replacements or on the next new tractor is 
dependent on the e conomics of the tires used. To be economically 
worthwhile, the use of either t ype of tires has to reduce the cos t of 
performing farm operations and increase the net return to the farmers. 
If this cannot be accomplished , the investment in the tire is not 
advisable . 
Economic comp a risons in this study involved the determination of 
the potential long-term cost savings and the required time to recover 
the extra initial investment for a pair of radial over bias tires, or 
the payback period . Two procedures which have been outlined in 
Appendix B were used to make this comparison . These procedures differ 
only in the method of estimating tractor fuel consumption. Input 
variables required in the analysis were: cost of a pair of radial tires, 
cos t of a pair of bias tires, fuel price per gallon , hourly wage rate, 
interest rate, the average hour life of bias tires, the percentage hour 
life improvement with radial tires, the fuel consumption and field 
capacity improvement with tractors on radial tires . The first procedure 
was used fo r estimating the total cost savings in dollars per hour and 
che payback period fo r radial tires with any size PTO hor s epower tractor 
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under generalized field operations and at any level of annual use . The 
latter procedure was used for estimating the total cost savings in 
dollars per h our and the payback period for radial tires under specific 
field operations and at any levels of annual use. Additional information 
on the f uel consumption in gallons per acre and the effective field 
capaci t y in acres per hour fo r the related field operations i:.1as 
required i n calculating the total cost savings. 
Tir e Ownership Cost 
Depreciation cost and the interest on i nvestment were only 
considered in calculating the tire ownership cost. Depreciation, an 
unavoidable loss, measur ed the amount by which the value of a pair of 
tires decreased with the passage of time as a result of wear , damage 
and obsolesence . Obviously, the longer the service life of a tire , t he 
lower the annual depreciation rate and annual depreciation cost of the 
tire. Interest on the money invested in tires was included in the 
owne r ship cost because the money spen t cannot be used to purchase other 
productive resources . Insurance, taxes, and housing expenses were 
omitted because they were considered to be under the machinery 
ownership cost and the same for either type of tire . 
The capital recovery method was used t o determine the tire 
ownership cost. This me thod combined the repayment of depreciation and 
the return on the investment during the life of the investment into a 
series of equal payments at compound interest (American Soc . Agric. 
Engineers, 1984a) . The formula used was as follows : 
where 
TOC 
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TP [ IR(l + IR)N ] 
(1 + IR)N - 1 
TOC = tire ownership cost, $/year 
TP initial investment for a pair of tires, $ 
IR yearly interest rate, % 
N the average expected service life of tires, yrs . 
The tire ownership cos t per hour was found by dividing the parameter 
TOC with the equivalent hours of tractor usage per year . 
Fuel Cost 
In order to estimate fuel costs, the average fuel consumption for 
the tractor must be known. As mentioned earlier, two different methods 
were used in this study for estimating the fuel consumpt ion. The first 
method was based upon the PTO horsepower of the trac t ors . This method 
determined the average fuel consumption of tractors in gallons per 
hour. According to the ASAE Engineering Practice EP 391 (American Soc . 
Agric. Engineers, 1984a), the average fuel consumption for gasoline, 
diesel and LP gas tractors could be determined from the following 
formulae : 
(a) PTO hp x 0.060 (for gasoline tractors) 
(b ) PTO hp x 0 . 044 (for diesel tractors) 
(c) PTO hp x 0 . 072 (for LP gas tractors). 
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The above fuel consumption formulae were derived from the 
Nebraska Tractor Test Data. They are normally applied t o determine 
the fuel consumption for tractors that are not used for specific 
operations . 
The second method available for determining the tractor fuel 
consumption for specific field operations was based on field data. 
Table C. l presents the average fuel requirements in gallons per acre 
and the effective field capacities in acres per hour for selected 
tilling machines under average field conditions for the farmers in Iowa 
(Ayres and Ozkan , 1980; Ayres~ al. , 1981) . The fuel consumption per 
acre taken from the table was assumed to be independent of tractor or 
implement size. 
The fuel costs were found by multiplying the estimated fuel 
consumption of the tractor in gallons per hour from either of the two 
discussed methods with the fuel price per gallon. The calculated f uel 
costs were in dollars per hour. 
Labor Cost 
The hourly labor cost or wage rate varies with geographical 
location and with season . For owner-operators, l abor cost should be 
determined from alternative opportunities for use of time. For hired 
operators , a cons tant hourly rate was appropriate (American Soc . 
Agric. Engineers, 1984b). 
Table C. 2 shows the results f rom a survey on the average hourly 
labor cos t in Iowa and the whole of the United States from the years 
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1979 t o 1982 . Based on these figures, a constant wage rate of $4.00 
per hour was considered in the analysis. The selected wage rate was 
assumed to be the same for all types of farming operations. 
Total Cost Savings 
Greater field capacity from operating tractor s on radial tires 
resulted in savings in terms of less fuel usage, fewer man-hours 
required to complete a job, and greater timeliness of field operations. 
Both fuel and labor savings could be estimated once the percentage 
improvement in the fuel consumption and the time of operating tract or 
on radial tires over bias tires were known. Based on the past data, 
an average of 6 percent in fuel consumption improvement and 11 percent 
f ield time improvement for the tractors equipped with r adial cires 
were considered in this particular study. The t otal cost s avin gs with 
radial tires were calculated as follows : 
TSAV = ( FSAV + LSAV) - (RHOC - BHOC) 
where TSAV total cos t savings, $/hr 
FSAV f uel cost sav ings , $/hr 
LSAV labor cost savings, $/hr 
RHOC radial ti r e ownership cost, $/hr 
BHOC bias tire ownership cost, $ /hr. 
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Consequently, the payback period fo r radial tires was found by 
dividing the difference in cost of a pa ir of radial and bias tires over 
the calculated total cos t savi ngs per hour. 
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RESULTS AND DISCUSSION 
The results were discussed in two main parts which correspond to 
the overall objectives of this economic analysis . In each part, t he 
total cost savings obtained from operating the tractor on radial tires 
were calcula ted and presented in graphical fo rm. A more detailed 
presentation on tire cost data was presented in Appendix C. 
In the fi rst part of the analysis , the total cost savings pe r hour 
and the payback period fo r radial tires were de termined for a given 
set of e conomic conditions or assumptions . The assumptions were : 
(a) $1100 . 00 fo r a pair of 18 . 4-38 bias tires, (b) $1320 . 00 fo r a pair 
of 18 . 4 R38 radial tires, (c) 4200 hours service life of bias tires, 
(d) 30 percent hour life improvement with radial tires, (e) $1 . 179 
per gallon for diesel fuel , (f) $4 .00 per hour for labor, (g) 8 percent 
interest r ate, (h ) 6 percent fuel consumption improvement wi t h trac t or 
on radial tires, and ( i ) 11 percent field capacity improvement with 
tractor on radial tires. The t otal cost savings per hour and payback 
period for radial tires wi t h four sizes of trac t ors were estimated 
under 100 t o 1000 hours of annual use . In addition, the tot al cost 
snvings pe r hour and the payback period for r adi al tires with tractors 
under four different til l ing operations were also determined. The 
percentage fuel consumption and field time improvement with radial tires 
in this analysis were assumed t o be independent of the tractor size and 
implement type. 
In the second part of the analysis, cert ain assumptions were 
i ndividually changed t o determine their i mpact on the calculated total 
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cost savings. These assumptions were: price difference, life 
improvement, interest rate, fuel price and wage r a te . Except for 
the assumption that was changed, the rest of the conditions remained 
the same as they were in the earlier analysis. The effects of the 
changes on the assumptions were compared for two sizes of tractor under 
the 100 to 1000 hours range of annual use. 
Total Cost Savings Per Hour Under 
Constant Economic Conditions 
The total cost savings per hour from operating four sizes of 
diesel tractors equipped with radial tires and from performing four 
different tilling operations with tractors on radials were estimated . 
The four sizes of tractors were 100, 120, 140 and 160 PTO horsepower . 
The four different tilling operations were with moldboard plows (7 - 16" 
and 8- 16" bottoms), chisel plows (9'6" and 11'3" ) , tandem disks (14 ' 
and 17 ' ) and field cultivators (15 ' and 21'). Tables C.3 to C. 6 
present the tire cost data produced from the analysis. 
Figure 6 shows the decline in the ownership cost for both radial 
and bias tires with increasing hours of annual tractor use. The 
difference in the ownership cost between both tires decreased 
continuously as the annual tractor use increased. The difference 
became insignificant at higher hours of use. At 400 hours of annual 
use, there was a saving in ownership costs of $0.033 per hour for bias 
tires over the radial tires . 
Figure 7 presents the total cost saving curves for the four sizes 
of tractors on radial t ires with various hours of annual use . The total 
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Figure 7 . Tot a l cost savings per hour fo r four different PTO 
horsepower diese l t r ac t ors on r adial t i res 
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cost savings per hour obtained with radial tires on all the four 
tractor sizes increased with increasing hours of annual use. The 
160 PTO horsepower tractor showed the highest total cost savings per 
hour followed by the 140, 120 and 100 PTO horsepower tract or. An 
average of $0 . 062 per hour difference in the total cost savings was 
obt ained for every 20 PTO horsepower difference, irrespective to the 
hours of annual tractor use . Operating a 120 PTO horsepower tractor 
on radial tires at 400 hours of annua l use gave a saving of $0 . 780 per 
hour. The extra investment of $220.00 fo r a pair of radial over bias 
tires could be recovered after 282 hours of use or af ter about 8 1 /2 
months of owning the tires . From that time onwards, the farmers save 
$312 .00 per year while using radial tires on their tractors . Changing 
from 400 to 700 hours of annual tractor use on radial tires gave an 
average increase of $0.026 per hour in the tota l cost savings with all 
the four tractor sizes . Extended usage, however, resulted in lower 
precision in timeliness of performing farming oper ations . A balance 
between these two factors , extended use and timeliness of oper ation, 
is therefore important. 
Figure 8 shows the total cos t savings rece i ved per hour of use 
from various tilling operations with trac t ors on radia l tires . The 
total cost savings per hour obtained from radial tires var ies with 
different implement t ypes and sizes . The total cost savings per hour 
for tractors equipped with radial tires under a specific tilling 
operation increased with increasing implement s izes . 
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Figure 8 . Total cos t savings per hour fo r diesel tractors 
on radial tires with different tilling implements 
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Total Cost Savings Per Hour Under Varyin g 
Economic Conditions 
Variable price differences 
The first economic condition that was changed was the percentage 
price diffe rence between the two tire types . Price differences ranging 
f r om 0 t o SO percent were considered in the analysis (Tables C. 7 and 
C. 8) . Fi gures 9 and 10 show the total cos t savings per hour for the 
120 and 160 PTO hor sepowe r tractor on r adials at varying tir e price 
difference and hours of annual use. The total cost savings per hour 
increased as the tire price difference decreased . A drop in the 
assumed t ire price difference from 20 to 10 percent resulted in $0 . 034 
per hour increase in the t ot al cos t savings for bo th sizes of trac t ors 
on radial tires a t 400 hours of a nnual use . The absolute increase 
in the t ot al cos t savings per hour when the percentage price difference 
de c r eased was greater at low hours of annual tractor use . The relative 
i nc r ease in the total cost savings per hour was greater with the 120 
PTO horsepower tractor than the 160 PTO horsepower tractor a t all hours 
of annual use. 
Variable tire life improvement 
Varying tire life improvement means varying the difference in the 
length of ownership between the two tire types . Life improvement , 
ranging from 0 t o SO pe r cent , was examined to determine their effec t s 
on the r adial tire t otal cost savings (Tables C. 9 and C. 10) . Figures 11 
and 12 show the total cost savings per hour obtained with the 120 PTO 
horsepower and 160 PTO horsepower tractor on radial tires at varyin g 
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Figure 9. Total cost savings per hour fo r a 120 PTO horsepowe r 
diesel tractor on radial tires at six price 
difference leve ls 
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Figure 10 . Total cost savings per hour for a 160 PTO horsepower 
diesel tractor on r adial tires at six price 
difference levels 
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Figure 11 . Total cost savings per hour for a 120 PTO horsepower 
diesel tractor on radial tires at six tire life 
improvement levels 
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Figure 12. To t al cost savings per hour for a 160 PTO horsepower 
diesel tractor on radial tires at six tire life 
improvement levels 
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tire life improvement and hours of annual use. The t ota l cost savings 
per hour increased with increasing tire life. The absolute increase 
in the savings was greater with the percentage life improvement change 
from 0 to 10 percent . An increase in the assumed life improvement 
from 30 to 40 percent resulted in $0.015 per hour increase in the total 
cost savings at 400 hours of annual use. The abso l ute increase in the 
total cost savings per hour was greater at high hours of annual use. 
The relative increase in the total cost savings per hour f r om i n creasing 
radial tire life was greater with the 120 PTO horsepower tractor t han 
the 160 PTO horsepower tractor . 
Variable interest rates 
Interest rates of 8, 11, 14, 17 and 20 percent were examined to 
determine their eff ects on the t otal cost s avings (Tables C. 11 an d C. 12) . 
Figures 13 and 14 show the t otal cost savings per hou r for t he 120 PTO 
horsepower and 160 PTO horsepower diesel tractors on radial tires a t 
varying interest rates and hours of annual use. The t otal cost savings 
with both tractors decreased with increasing interest rate. Inc re asing 
interest rate inc reased the tire ownership cost and thus l owered t he 
total cost savings with radial tires. The impac t of i nte r est r a t e on 
l owering the t otal cost savings obtained with r adial t i res could be 
overcome by increasing the hours of annual use . As observed fr om the 
graphs, there was a grea ter drop in the t otal cost savings at l ow hours 
of annual use with every percentage increment in the interest rate. 
The amount of drop, however, gr adua l ly dec reased as the hour s of annua l 
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Figure 13 . Tot al cost savings per hour fo r a 120 PTO horsepower 
diesel tractor on radial tires at five i n ter est 
r ate levels 
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Figure 14. Total cos t savings per hour for a 160 PTO horsepower 
diesel tractor on radial t ires at five interest 
rate levels 
60 
use increased f r om 100 to 1000 hours. A change in the assumed interest 
rate from 8 t o 11 percent resulted in a drop of $0 .026 per hour in the 
total cost savings for the tractor at 400 hours of annual use. The 
relative drop in the total cost savings per hour was greater for the 
120 PTO horsepower tractor on radial tires than the 160 PTO horsepower 
tractor on radial tires . 
Variable fuel prices 
Diesel fuel prices of $0 . 50, $0 . 75, $1.00, $1.179 and $1 . 50 per 
gallon were examined to determine their effects on radial tire t otal 
cost savings (Tables C.13 and C. 14). The price of disel fuel in Iowa 
was $1 . 00 per gallon in September, 1979 (Iowa Energy Policy, 1980) and 
was $1.179 per gallon in August, 1984 . 
The rise in the diesel fuel prices showed a significant effect on 
increasing the total cost savings with both sizes of tractor on radial 
tires (Figures 15 and 16). There was an absolute increase of $0 . 079 
and $0.106 per hour for every $0 .25 per gallon rise in the fuel price 
with the 120 PTO horsepower and 160 PTO horsepower tractor, respectively . 
These increases in the total cost savings were constant throughout all 
hours of annual use. Nevertheless, the relative increase in the total 
savings per hour was greater with the 160 PTO horsepower tractor on 
radials. A 17 . 9 percent rise in the fuel price from September, 1979 to 
August, 1984 resulted in 7 . 9 percent increase in the total cost savings 
with the 120 PTO horsepower tract or and 9 . 2 percent increase with the 
160 PTO horsepower tract or under 400 hours of annual use . 
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Figure 15. Total cost savings per hour for a 120 PTO horsepower 
diesel tractor on radial tires at five fuel 
pr ice levels 
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Figure 16. To t al cos t savin gs per hour f or a 160 PTO horsepower 
di esel t rac t or on radial tires at five fuel 
price l evels 
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The estimated total cost savings per hour with gasoline tractors 
equipped with radial tires were expected to be higher than the diesel 
tractors. This is because gasoline tractors have lower fuel 
efficiency than diesel tractors. Thus , the 6 percent fuel consumption 
improvement f r om using radial tires would give greater fuel cost 
savings with gasoline tractors. 
Variable wage rates 
To determine the effects of different labor costs on the radial 
tire total cost savings per hour, wage rates of $1 .00, $2 . 00, $4.00, 
$8 . 00 and $16 . 00 per hour were analyzed (Tables C.15 and C.16) 
Figures 17 and 18 show that the total cost savings per hour increased 
significantly as the wage rate increased . For every $1.00 increment in 
the wage rate, there was an increase of $0 . 11 per hour in the total cost 
savings, irrespective to the hours of annual use . Although the 
absolute increase in the total cost savings was the same for the 120 PTO 
horsepower and 160 PTO horsepower tract or, the relative increase was 
greater with the smaller size tractor. For the 120 PTO horsepower 
tractor, total cost savings at 400 hours of annual use increased from 
$0 . 780 per hour for labor at $4 .00 per hour to $1 . 22 per hour for 
labor at $8.00 per hour, an increase of 56 . 4 percent. For the same 
hours of annual use, the total cost savings fo r the 160 PTO horsepower 
tractor increased from $0 . 905 t o $1 .35 7 per hour, an increase of 
50 percent . 
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Figure 17. Total cos t savings per hour for a 120 PTO horsepower 
diesel trac tor on radial tires at five wage rates 
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Figure 18. Total c ost savings per hour f or a 160 PTO h orsepower 
diesel tractor on radial tires a t five wage rates 
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CONCLUSIONS 
The following conclusions were drawn from analyzing radial and 
bias tire performance data: 
(1) Radial tires showed 24 to 36 percent reduc tion in slippage, 
6 t o 17 percent reduction in fuel consumption (per acre basis ) , 2 to 
13 percent increase in tractive efficiency, 0 to 29 pe rcent increase 
in drawbar pull, 11 t o 17 percent increase in field capacity and 30 to 
40 percent increase in service life over the bias tires of equivalent 
size. The degree of improvement varies with different soil conditions 
and operating loads on the tractors. 
(2) Riding comfort of tractors equipped with radial tires was 
better than with bias tires due t o reduction in vertical , lateral and 
longitudinal stiffness of the tires. 
(3) Greatest traction improvement with radial tires was on f i rm 
gr ound where most of the soil-tire deformation took place in the tire. 
Lower traction improvement was in soft ground where most of the total 
soil- tire deformation took place in the soil and less in the tire. 
(4) Greater fuel and tractive effic~ency improvement of radial 
tires over bias tires were found with t he Two Wheel Dr i ve ( 2WD ) than 
with the Mechanical Front Whee l Drive (MFWD) tract ors. 
(5) Higher f uel and tractive efficiency and drawbar pull were 
obtained f rom tractors equipped with single radial tires than with dual 
bias tires. 
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The following con clusions were drawn from the economic analysis of 
operating tractors on radial an d bias tires: 
(1) The ownership cost for bias and radial tires decreased with 
increasing hours of annual use. Under the present estimated economic 
situations, there was $0 . 33 per hour savings in the ownership cost of 
bias tires over the radial tires at 400 hours of annual use . The 
amount of saving decreased and became insignificant as the annual use 
increased to 1000 hours. 
(2) Operating a tractor on radial tires, in the long run, was more 
economical than on bias tires. The total cost savings per hour obtained 
from using radial tires increased with increasing hours of annual 
tractor use . Operating larger PTO horsepower tractors and with wider 
implements resulted in greater total cos t savings, and thus, reduced 
the payback period of radial tires . 
(3) Total cost savings per hour obtained from using r adial tires 
increased with decreasing percentage price difference between two tires 
and decreasing interest rate . The absolute increase in the total 
savings per hour as a result of decreasing the tire price difference or 
interest rate was low at high hours of annual use . Furthermore , the 
impact from varying tire price difference and interest rates on the 
total cost savings per hour was greater with the smaller size trac t or. 
(4) Total cost savings per hour obtained from using radial tires 
increased with increasing life of the tire. The absolute increase in 
the total cost savings as a result of increasing tire life was greater 
at high hours of annual use. 
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(5 ) Tot a l cost savings per h our obtained f r om usi ng rad i al tires 
increased with rising fuel price and rising wage r ate. Wi t h rising 
fuel price, the re l ative increase in the t otal cost s avings was 
greater with a larger size tractor. On the o ther hand, with rising 
wage rate, the reverse e ffect was obtained . 
(6 ) The estimated t otal cost savings per hou r with radia l tires 
were f ound t o be most sensitive t o interest r a t e among a l l t he ot her 
e conomic conditions or a s sumptions . 
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SU}1MARY 
Since no general consensus has developed in the agriculture 
industry concerning the economic superiority of radial tractor tires 
over the conventional bias tires, an in-depth study on the tires was 
performed. This study involved analyzing available comparative data 
concerning the field performance of radial and bias tractor tires on 
different soil conditions. In addition, an economic comparison of 
operating tractors on radial and bias tires was also conducted for the 
best possible tire selection . 
Test data compiled from this study indicated tha t operating a 
tractor on radial tires offered distinct performance improvement ove r 
bias tires on most soil conditions. The degree of improvement varies 
with different soil conditions and operating loads on the tractors. 
Improvement ranged from 24 to 36 percent in tire slippage, 6 to 17 
percent in fuel consumptions (per ac re basis), 2 to 13 percent in 
the tractive efficiency, 0 to 29 percent in drawbar pull, 11 to 17 
percent in the field capacity and 30 to 40 percent in the tire service 
life with r adial tires. Moreover, the tractors equipped with radial 
tires generally showed greatest traction improvements on firmer gr ound. 
Better field performance with radial tires was principally because 
of the tire construction. The radial plies gave a low tire sidewall 
stiffness or greater tire flexibility . The tire sidewall flexes when 
loaded, transferring load evenly on the whole tread area. The 
circumferential belts inside the tire carcass stabilize the tread and 
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hold the lugs more rigidly as they engage the soil surface . All these 
result in a longer tire footprint, better ground holding and less 
scrubbing of tread to the ground s u rface . 
The econ omic analysis carried out in this study indi cated that 
as annual usage, retail price of fuel, wage rate and horsepower 
increased , the more advantageous it became to equip a tractor with 
radial tires . Consequen t ly , as tractor horsepower and annual use 
decreased, t he greater would be the time required to recover the initial 
radial tire investment. With increasing emphasis being given t o 
opt imizing machinery efficiency , the choice of tire design becomes an 
increasingly important factor . The . economic analysis that was outlined 
in this study could aid in this decision-making process. 
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APPENDIX A: TIRE STRUCTURAL COMPONENTS 
BELTS 
(BREAKERS) 
PLIES-------..;;.ol 
LINER-----
BEAD WIRES 
Figure A.1 . Tire structure 
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Tread: 
The part of a tire which comes in contac t with the gr ound . It 
provides traction, long wear, and resists cuts. 
Sidewall: 
The part of a tire between the bead and the tread; i t controls the 
ride and offers support. I t is compounded of rubber that gives high 
flex and weather resistance . 
Shoulder : 
The upper portion of the sidewall, just below the tread edge; it 
~ffects tire heat behavior and cornering characteristics . 
Bead wires: 
A structure composed of high tensile s trength steel wire s for med 
in t o extensible hoops functioning as anchors for the plies and holding 
the assembly on the rim of the wheel. 
Carcass : 
The part of a tire other than the tread, rubber sidewalls, shoulder 
and beads. It is the part, when i n flated , that bears the load . 
Plies: 
Layers of fabric cord extending from bead to bead and used fo r 
reinforcing the tire. 
The tire ply rating is a measure of its resistance to bursting under 
pressure. It therefore, de t ermines the maximum safe infla t ion pressure 
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which, in turn, determines the maximum load which can be carried. It 
was originally the number of cotton plies used i n the tire construction, 
but because of the use of plies made of stronger materials, this is no 
longer true . 
Crown angle: 
The angle between the cord and the circumferential center line 
of the tire. 
Belts or breakers: 
Narrow layers of tire cord, directly under the tread in the crown 
of the tire, that resist deformation in the footprint (contact pat ch 
on the gr ound surface) and restrict the carcass plies . 
Liner: 
The thin layer of rubber that contains the compressed air in the 
tire. 
Chafer: 
Narrow strips of material that protect the cord against wear and 
cutting by the rim. 
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APPENDIX B: PROCEDURES USED IN CALCULATING TOTAL 
COST SAVINGS PER HOUR AND PAYBACK PERIOD 
Definition of terms : 
AFB Annuity factor for bias tires 
AFR Annuity fac t or for r adial tires 
BP Price for a pair of bias tires 
BHOC Bias tires hourly ownership cos t ($/hr) 
BYOC Bias tires yearly owne rship cos t ($/hr) 
EFC Effective field capacity (acres/hr) 
FCOS Total fuel cost ($/hr) 
FCPA Fuel consumption (gal/acre ) 
FCPH Fuel consumption (gal/hr) 
FIMP fuel consumption improvemen t with radial tires (%) 
FSAV = Fuel savings with radial tires ($/hr) 
FUEL = fuel price ($/gal) 
HLB Hours life of bias tires 
HLR Hours life of radial tires 
HP = PTO power of tractor (hp) 
IR Interest rate (%) 
LCOS Labor cos t ($/hr) 
LIMP = Hours life improvement with radial tires (%) 
LSAV Labor savings with radial tires ($/hr) 
PBP Payback period (hrs ) 
RP Price for a pair of radial tires ($) 
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RHOC Radial tires hourly ownership cost ($/hr ) 
RYOC = Radial tires yearly ownership cost ($/hr ) 
RUSE Annual use of tract or on radial tires (hrs /yr ) 
SLB = Service life of bias tires (yrs) 
SLR = Service life of radial tires (yrs) 
TIMP = Field time improvement with radial tires (%) 
TUSE Annual use of tractor (hrs /yr) 
TSAV = Total cost savings from us i ng r adial tires ($/hr) 
To calculate the t ot al cos t savings per hour and the payback 
period for radial tires with tractors under generalized field operations: 
FCPH 0 . 44 x HP 
FCOS FCPH x FUEL 
FSAV FCOS x (FIMP/100) 
LSAV = LCOS x (TIMP/100) 
RUSE = TUSE x (1 - (TlNP/ 100)) 
HLR = HLB x (1 + (LIMP/100)) 
SLB = HLB/TUSE 
SLR = HLR/RUSE 
AFB= IR/100 (((IR/100 + l ) SLB) / ((IR/ 100 + l)SLB) - 1))) 
AFR = IR/100 (((IR/100 + l)SLR) / ((IR/ 100 + l)SLR) 1))) 
BYOC = BP x AFB 
RYOC = RP x AFR 
BHOC = BYOC/TUSE 
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RHOC RYOC/RUSE 
TSAV (FSAV + LSAV) - (RHOC - BHOC) 
PBP = (RP- BP)/TSAV 
Example: To determine the cost effectiveness of operating radial 
tires on a 160 PTO horsepower diesel tractor under t he following 
assumptions: 
FCPH 
FCOS 
FSAV 
LSAV 
RUSE 
FlJEL = $1 . 179/gal 
LCOS = $4 . 00/hr 
BP = $1100 . 00 
RP $1320 . 00 
IR = 8% 
TUSE = 400 hrs /yr 
SLB 4500 hrs 
FIMP = 6% 
TIMP 11% 
LIMP = 30% 
0 . 044 x 160 = 7 .04 
7 .04 x 1.179 = 8 . 3 
8 . 3 x (6 /100) = 0 . 498 
= 4 . 00 x (11/100) = 0 . 44 
= 400 x (1 - (11/ 100)) = 
HLR = 4500 x (1 + (30/100)) 
SLB = 4500/400 11.25 
SLR = 5850/356 16 . 4326 
356 
= 5850 
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AFB 8/100 (((8/100 + 1) 11· 25) / ((8 / 100 + 1) 11 ·25 ) - 1))) 
0 . 1381 
AFR= 8/100 (((8/100 + 1)16 ·4326) /((8/100 + 1) 16 ·4326 
- 1))) = 0 . 1115 
BYOC = 1100 x 0.1381 151.91 
RYOC 1320 x 0 .1115 = 147.18 
BHOC = 151 .91/ 400 0 . 3798 
RHOC 147.18 / 356 0 . 4134 
TSAV (0 . 498 + 0 . 44) - (0 . 4134 0 . 3798) 
PBP (1320- 1100) / 0 . 9044 = 243 . 
0.9044 
In this example, operating the tractor on radial tires saved 
$0.904 per hour over bias tires. The extra initial investment on 
radial tires could be r ecovered after 243 hour s of use. 
To calculate the total cost savings per hour and the payback 
period for radial tires with tract ors under specified field opera tions : 
FCPH = EFC x FCPA 
FCOS = FCPH x. FUEL 
FSAV = FCOS x (FIMP / 100) 
LSAV LCOS x (TIMP/100) 
RUSE = TUSE x (1 - (TIMP / 100) 
HLR = HLB x (1 + (LIMP/100) 
SLB = HLB /TUSE 
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SLR = HLR/ RUSE 
AFB= IR/100 (((IR/ 100 + l)SLB) /((IR/ 100 + l)SLB) - 1))) 
AFR= IR/100 (((IR/100 + l)SLR) / ((IR/ 100 + l)SLR) - 1))) 
BYOC BP x AFB 
RYOC = RP x AFR 
BHOC = BYOC/TUSE 
RHOC RYOC / RUSE 
TSAV (FSAV + LSAV) - (RHOC - BHOC) 
PBP (RP- BP)/TSAV 
Example: To determine the cost effectiveness of operating radial 
tires on a diesel tract or with a 7- 16" moldboard plow under the 
following assumptions : 
FCPA = 1.9 ga l /acre 
EPC = 4 . 0 acres/hr 
FUEL = $1 .179/gal 
LCOS $4 . 00 / hr 
BP $1100 . 00 
RP $1320 . 00 
IR= 8% 
TUSE = 400 hrs /y r 
SLB = 4500 hrs 
FU1P 6% 
TI.NP 11% 
LIMP 30% 
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FCPH = 4 . 0 x 1.9 = 7.6 
FCOS = 7.6 x 1.179 = 8.9604 
FSAV = 8 . 9604 x (6/ 100) = 0 . 5376 
LSAV = 4. 00 x ( 11/100) = 0 . 44 
RUSE = 400 x (1 - (11/100)) = 
HLR = 4500 x (1 + ( 30/ 100)) 
SLB = 4500/ 400 11 . 25 
SLR = 5850/356 16 . 4326 
356 
= 5850 
AFB = 8/100 ((8/100 + 1) 11 · 25) /( (8 / 100 + 1) 11 ·25 ) - 1))) 
0 .1381 
AFR= 8 / 100 (((8/100 + 1) 16 ·4326)/((8 / 100 + 1) 16 ·4326 ) - 1))) 
0 .1115 
BYOC 1100 x 0 .1381 = 151 . 91 
RYOC = 1320 x 0 . 1115 = 147 . 18 
BHOC = 151.91/400 = 0.3798 
RHOC = 147 .18 /356 0 . 4134 
TSAV = (0 .5376 + 0.44) - (0. 4134 - 0.3798) 
PBP = (1320- 1100) / 0 . 944 = 233 
0.944 
In this example, operating the trac t or on r adial t ires saved 
$0 .944 per hour over bias tires. The extra initial invest~ent on 
radial tires could be r ecovered after 233 hours of use . 
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APPENDIX C: TABLES ON COST ANALYSIS 
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Table C. 2 . Farm wage rates in Iowa and the United States (Iowa Crop 
and Livestock Reporting Service, 1983) 
Year and montha 
1979 
January 
Apr il 
July 
October 
1980 
January 
April 
July 
Oct ober 
1981 
January 
April 
1982 
July 
Iowa 
3 . 41 
3.20 
3 .21 
3 . 43 
3.60 
3.40 
3.65 
3 . 75 
3.75 
3 . 96 
3 .61 
Wage rates ($/hr) 
Uni ted St ates 
3.32 
3.35 
3.20 
3.51 
3 . 65 
3 . 56 
3 . 49 
3.73 
4 . 04 
3 .88 
3 .87 
Ct.rhe quarterly farm labor report was discontinued with the 
Ap r il 1981 report . Annual farm labor report statistics started in 
July 1982 . 
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Table C. 3. Radial and bias tire ownership cost 
Hours of Bias t i r e Radial t ire 
annual use ($/hr) ($/hr) 
100 0 .909 1.194 
200 0 . 535 0 . 645 
300 0 .428 0 . 485 
400 0 .380 0 . 413 
500 0 . 352 0 . 373 
600 0 . 335 0 . 347 
700 0 . 322 0 . 329 
800 0 . 313 0 . 317 
900 0.306 0.307 
1000 0 . 301 0 . 301 
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Table C.4 . Total cost savings per hour and payback period for four 
different PTO horsepower tractors on radial tiresa 
Hours of 100 120 140 160 
annua l use PTO hp PTO hp PTO hp PTO hp 
100 a 0.466 0.528 0 . 590 0 . 652 
b 472 417 373 337 
200 a = 0.642 0 . 704 0. 766 0 . 828 
b 343 313 287 266 
300 a 0 . 695 0 . 757 0.819 0 .881 
b 317 291 269 250 
400 a = 0. 718 0 . 780 0 . 842 0 .905 
b 306 282 261 243 
500 a 0.731 0 . 793 0.855 0.917 
b = 301 277 257 240 
600 a 0.739 0 . 801 0.863 0.925 
b = 298 275 255 238 
700 a = 0.744 0 . 806 0.868 0 . 931 
b 296 273 254 236 
800 a = 0. 748 0.810 0 . 872 0 . 935 
b 294 272 252 235 
900 a o. 751 0.813 0. 875 0.938 
b 293 271 251 235 
1000 a = 0 . 753 0 . 815 0 . 877 0 . 940 
b 292 270 251 234 
a total cost savings per hour ($/hr); b payback period (hrs). a 
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Table C.5 . Total cost savings per hour and payback period for tractors 
on radials wi t h differen t tilling implementsa 
Hours of Moldboar d 
annual use 7- 16" b ott oms 
100 a = 0. 692 
b 318 
200 a = 0 . 867 
b = 254 
300 a = 0 . 920 
b 239 
400 a = 0 . 944 
b 233 
500 a = 0 . 957 
b = 230 
600 
700 
800 
900 
1000 
a 0 . 965 
b 228 
a 0 . 970 
b 227 
a = 0 . 974 
b 226 
a 0 . 977 
b 225 
a = 0 . 979 
b 225 
Moldboar d Chisel plow 
8- 16" bo t toms 9 ' 6" 
0.759 0 . 571 
290 385 
0 . 934 0 . 746 
236 295 
0 . 987 0 . 799 
223 275 
1 . 011 0 . 823 
218 267 
1.024 0 . 836 
215 263 
1. 032 
213 
1.037 
212 
1. 041 
211 
1.044 
211 
1.046 
210 
0 . 844 
261 
0.849 
259 
0 . 853 
258 
0 . 856 
257 
0 . 858 
256 
Chisel plow 
11 ' 3" 
0 . 647 
340 
0 . 822 
268 
0 . 875 
251 
0 . 899 
245 
0.912 
241 
o. 920 
239 
0 . 925 
238 
0 . 929 
237 
0 . 932 
236 
0 . 934 
236 
aa =total cost savings per hour ($/hr) ; b =payback period (hrs) . 
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Table C. 6 . Total cost savings per hour and payback period for trac tors 
on r ad i als with different tilling implementsa 
Hours of Tandem disk Tandem disk Field Field 
annual use 14 ' 17 ' cul t ivat or cultivat or 
15' 21 ' 
100 a = 0.541 0.610 0.585 0 .732 
b 407 361 376 301 
200 a = 0 . 716 0 . 785 0. 760 0 . 907 
b 307 280 290 243 
300 a = 0 . 769 0 . 838 0.813 0 . 960 
b 286 263 271 229 
400 a 0 . 793 0.862 0 . 837 0.984 
b 277 255 263 224 
500 a = 0. 806 0 . 875 0 . 850 0 . 997 
b 273 251 259 221 
600 a 0 . 814 0 . 883 0 .858 1.005 
b 270 249 256 219 
700 a = 0 . 819 0 . 888 0 . 863 1. 010 
b 269 248 255 218 
800 a 0 . 823 0 . 892 0.867 1.014 
b 267 24 7 254 217 
900 a 0 . 826 0 . 895 0 . 870 1 . 017 
b 266 246 253 216 
1000 a 0 . 828 0.897 0.872 1 . 019 
b 266 245 252 216 
a total cost savings per hour ($/hr); b payback period (hrs) . a 
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